Abstract. High speed spray cleaning which utilize droplets impact has been used for removing contaminants from wafer surface. When a droplet impacts a solid surface at high speed, the contact periphery expands very quickly and liquid compressibility plays an important role in the initial dynamics and the formation of lateral jets. Impact results in high pressures that can clean or damage the surface. In this study, we numerically investigated a high speed droplet impacts on a solid wall. In order to compare the available theory and experiments, 1D, 2D and axisymmetric solutions are obtained. The generated pressures, shock speeds, and the lateral jetting mechanism are investigated; especially the effect of target compliance is focused.
Introduction
As the feature sizes of microelectronic devices is reduced, physical force, such as Megasonic, laser shock wave cleaning and high speed spray (two-fluid jet, earosol) cleaning is required to remove nano-scale particles. The main goal of this contamination control is to clean the surface without device damage. In order to avoid the damage, cleaning in the process window which is used the force between pattern collapse and particle removal is important [1] . To accomplish the evaluation of removal force of a high speed spray, we should estimate the generated pressure during a high speed droplet impact.
When a high speed droplet impacts on a solid wall, there is an important initial stage during which the curved liquid surface is compressed and non-uniform pressure distribution is generated. This initial stage creates high pressure which is greater than the well-known water hammer pressure
where p is the generated pressure,  is the liquid density, C is the sonic speed of the liquid, V is the impact velocity. Early studies theoretically estimated that the droplet center pressure can be predicted by the water hammer pressure but the deformed edge pressure can be reach 3 times higher than the water hammer pressure. In the recent semiconductor devices, many new materials have been employed; one example is low-k dielectric which is soft material. In this study, we simulate a high speed droplet impact on a solid wall and focus on the generated pressure. We change the parameters of the stiffened equation of state and examine the effect of target compliance on this generated pressure due to the droplet impact.
Numerical Method
With neglect of surface tension and any diffusions, the flow is govern by the Euler equations (conservation form):
where u is the velocity vector, E is the total energy and I is the identity tensor. Flows in one and two dimensions with azimuthal symmetry are considered. In order to close the Euler equations, we employed the stiffened equation of state,
where P  is the stiffness constant. The high speed impact can generate very high pressure which is larger than the yield stress of the target. Under such a high pressure condition, the solid material tends to behave as compressible fluids [2] ; hence even the solid dynamics may be described by the constitutive equation for the fluids. Ratio of specific heats  and P  were chosen from the literature [3, 4] . The parameters used are summarized in Table 1 . Note that Y is the target compliance defined as the ratio of acoustic impedance of water to that of solid. Small values of Y correspond to stiff material.
A third-order WENO scheme with an HLLC Riemann solver [5] that accurately captures shocks and interfaces was used to solve the system. A third-order TVD Runge-Kutta scheme was employed to march the equations forward in time. 
Results and Discussion
The pressure generated due to one-dimensional droplet impact is plotted in Fig.1 where the impact Mach number M i (which is defined as the ratio of the impact velocity to the sonic speed of the liquid) varies from 0.05 to 1. The generated pressure increases with M i . For the case of Y = 0.04, the generated pressure is larger than the water hammer pressure, i.e. p/CV = 1 over a wide range of M i . The difference in the generated pressure caused by the target compliance increases with increasing M i . Figure 1 suggests that the theory Eq. (1) is invalid in this range of M i .
The generated pressures for the case of the spherical or cylindrical droplet impact are discussed in Fig. 2 which presents the ratio of the generated pressure at the droplet center to the maximum pressure which occurs at the edge. For the high M i case, the edge pressure is about 3 times greater than the center pressure. This agrees with previous studies. However, as M i decreases, the edge pressure approaches the center pressure. This result implies that the target deformation plays a more important role as the impact speed increases. Hence, two-dimensional computations will be required to accurately predict the maximum pressure for the case with high impact velocity.
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Ultra Clean Processing of Semiconductor Surfaces X Finally the effect of target compliance on the generated pressure is discussed. Figure 3 shows differences in the target deformation between Y = 0.04 and Y = 0.26. It follows that the generated pressure decreases as the target becomes more compressible or deformable; the edge pressure is dramatically reduced as shown in Fig.2 . This may be due to the fact that the larger deformation (with less stiff targets) can absorb the impact energy more effectively and weaken the reflected wave accordingly. The droplet compression/deformation also decreases so that the edge pressure weakens.
Summary
In this study, we simulate a high speed droplet impact on a solid wall. The multicomponent Euler equations with the stiffened equation of state are computed by a FV-WENO scheme with an HLLC Riemann solver that accurately captures shocks and interfaces and one-dimensional and axisymmetric Solid State Phenomena Vol. 187 139 solutions are obtained. It is found that the generated pressure depends on the droplet impact Mach number M i . The pressure differences at the center and the edge are minimized as M i decreases. On the other hand, for the high M i case the edge pressure is almost 3 times greater than the center pressure. However, the edge pressure is dramatically reduced with increasing target compliance. 
